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1
GOLF CLUB HEAD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a golf club head.
2. Description of the Related Art

In order to 1ncrease the spin amount of a ball and improve
a hitting feel, golf club heads with the adjusted surface rough-
ness of the face have been proposed. Japanese Patent No.
3000921 discloses a golf club head 1n which fine crossing
grooves which are traces by a cutting tool are formed on the
face. Japanese Patent Laid-Open No. 8-229169 discloses a
putter head in which the face undergoes milling. Japanese
Patent Laid-Open No. 2005-169129 discloses a golf club
head 1n which the surface roughness of the face 1s set to 40 Ra
Or more.

Wedge golf club heads such as sand wedges and approach
wedges are required of the large spin amount of a ball.
Increasing the surface roughness of the face effectively
increases the spin amount of the ball. However, when the
surface roughness of the face 1s excessively large, the ball 1s
casily damaged. In addition, the surface roughness of the face
of a golf club head for official competitions 1s determined to
be 4.57 um or less in the arithmetic mean deviation of the
profile (Ra) and 25 um or less in the maximum height of the
profile (Ry) by the rule. Therefore, 1n order to make a golf
club head suitable for official competitions, the surface
roughness of the face needs to be adjusted within the rule
range.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a golf club
head which 1s suitable for official competitions and capable of
obtaining the larger spin amount of a ball.

According to the present invention, there 1s provided a golt
club head including, a face, and a plurality of striations
tormed on the face by milling, wherein a pitch P 1n an arrange-
ment direction of the plurality of striations satisfies 300
um=P=600 um, and a surface roughness of a region in the
tace with the striations satisfies 1n the maximum height of the

profile Ry, 15 um=Ry=0.005xP+15.7 um.

In this golf club head, the striations are formed by milling.
With this arrangement, as compared to a case wherein corru-
gations are formed on the face by shot blasting, the edges of
the striations become sharper and the spin performance of the
ball can be improved. When the pitch P in the arrangement
direction of the plurality of striations and the surface rough-
ness of the portion of the face with the striations fall within the
respective ranges of the above-described values, the golf club
head 1s suitable for official competitions and capable of
obtaining the larger spin amount of the ball.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments (with reference to the attached drawings).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an external view of a golf club head A, according
to an embodiment of the present invention.

FI1G. 2 1s a partial cross-sectional view of the surface of the
face 10 along an arrangement direction d0, and shows the
sectional shape of striations 30.

FIG. 3 shows views 1llustrating a forming method of the
striations 30 using a milling machine;
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FIG. 4 1s a plan view showing a moving path of a cutting
tool 1 when milling the striations 30 by mailling.
FIG. 51s a table showing the specifications of the striations,

rule conformance, and test results (spin amount) of golf club
heads #1 to #4, #11 to #13, and #21 to #23;

FIG. 6A 1s a graph showing the “spin amount™“Ra”
relationship of the test results shown 1n FIG. 5;
FIG. 6B 1s a graph showing the “spin amount”™—*“Ry”

relationship of the test results shown 1n FIG. 5;

FIG. 7A 1s a graph showing the relationship between “Ra”
and “Ry” shown 1n FIG. §;

FIG. 7B 1s a graph showing the line (y=0.0049x+15.749)
that passes through points P1 and P2 in an x-y coordinate
system wherein “Ry” serves as an x-coordinate and a pitch P
serves as a y-coordinate; and

FIG. 8 1s an external view of a golf club head B according,
to another embodiment of the present invention.

DESCRIPTION OF THE EMBODIMENTS

FIG. 1 1s an external view of a golf club head A, according
to an embodiment of the present invention. The embodiment
depicted in FIG. 1 applies the present invention to an 1ron club
head. The present invention 1s optimized for club heads for
which large spin amount 1s required, especially wedges such
as sand wedges, pitching wedges, or approach wedges. The
present invention may also be applied to golf club head for the
wood type or the utility type.

The face 10 of the golf club head A comprises a plurality of
the score line grooves 20. The face 10 1s the surface that
strikes the golf ball. According to the embodiment, the
respective score line grooves 20 are arrayed 1n straight lines in
the toe-heel direction, all 1n parallel, with equal pitch between
the respective score line grooves 20. In the embodiment, the
cross-section of each score line groove 20 1s constant in the
lengthwise direction, except at the ends. The score line
grooves 20 have the same trapezoidal sectional shape.

A plurality of strniations 30 are formed on the face 10 as
traces (cutting marks) by milling. In the embodiment, each
striation 30 forms a circular arc, and 1s shaped so as not to
overlap any other striation 30. Also 1n the embodiment, each
striation 30 1s an arc of radius 1dentical to every other striation
30.

An arrow d0 1n FIG. 1 depicts an arrangement direction of
the plurality of striations 30. In the embodiment, each stria-
tion 30 1s an arc of radius 1dentical to every other striation 30
as described above. The arrangement direction d0 1s defined
as the direction that passes through the center of the circle of
arc of each striation 30.

FIG. 2 1s a partial sectional view of the surface of the face
10 along the arrangement direction d0, and shows the sec-
tional shape of the striations 30. A pitch P 1n the arrangement
direction d0 of the plurality of the striations 30 represents a
distance between the bottom surfaces of the adjacent stria-
tions 30, and 1s set to satisty 300 um=P=600 um, and prei-
erably 400 um=P=300 um. The surface roughness of the
region 1n the face 10 with the striations 30 satisfies 1 the
maximum height of the profile Ry, 15 um=Ry=0.005xP+

15.7 um.
The striations 30 can be formed as traces by milling. Mill-

ing can be performed using, ¢.g., a milling machine. FIG. 3 1s
a schematic diagram illustrative of a forming method of stria-
tions 30 using a milling machine. The milling machine com-
prises a spindle 2 that rotates about a vertical axis Z, and a
cutting tool (endmill) 1 1s attached to the lower end of the
spindle 2. A golf club head A, that has not been formed with
the striations 30, fixed with the milling machine by way of a
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11g 3 so that the face 10 1s horizontal. A cutting portion 1a of
the cutting tool 1s separated from the vertical axis Z by a
distance rt, which 1s the radius of the circle of arc of each
striation 30.

FIG. 4 1s a planar view diagram 1llustrative of a moving,
path of the cutting tool 1 when milling the striations 30. The
relative direction of movement, 1.e., the horizontal direction,
of the cutting tool 1 and the golf club head A, 1s 1dentical with
the arrangement direction d0 of the striations 30. As the
cutting tool 1 1s moved 1n the arrangement direction do,
relative to the golf club head A, the plurality of striations 30 1s
formed by milling the face 10 with the cutting tool 1. The
center of the circle arc of each striation 30, or 1n other words,
the position of the vertical axis Z, passes through the arrange-
ment direction d0. Accordingly, the arrangement direction d0
1s the direction that passes through the center of the circle arc
of each striation 30. The depth, width, and pitch of each
striation 30 1s adjusted by the depth of the cut into the face 10
by the cutting tool 1 and the relative moving speed of the
cutting tool 1.

In the golf club head A of this embodiment, the striations
30 are formed by milling. With this arrangement, as compared
to a case wherein corrugations are formed on the face by shot
blasting, the edges of the striations become sharper and the
spin performance of the ball can be improved. When the pitch
P in the arrangement direction of the plurality of striations and
the surface roughness of the portion of the face with the
striations fall within the respective ranges of the above-de-
scribed values, the golf club head 1s suitable for official com-

petitions and capable of obtaining the larger spin amount of
the ball.

While each striation 30 has been formed as a circular arc
according to the embodiment, 1t 1s possible to form the stria-
tions 30 as a straight line as well. FIG. 8 1s an external view of
an example of a golf club head B with striations in a different
shape. The golf club head B 1s identical to the golf club head
A, except for the fact that a plurality of striations 40 are
formed of straight lines.

The plurality of striations 40 are mutually formed 1n par-
allel. When each striation 40 1s straight lines, according to the
embodiment, an arrangement direction d0' 1s defined as a
direction that i1s orthogonal to each striation 40. In the golf
club head B, a pitch P 1n the arrangement direction d0' of the
plurality of the striations 40 1s also set to satisty 300
um=P=600 um, and preferably 400 um=P=500 um. The
surface roughness of the region in the face 10 with the stria-

tions 40 satisfies 1n the maximum height of the profile Ry, 15
uM=Ry=0.005xP+15.7 um.

Evaluation Test of Striation

A plurality of golf club heads having different specifica-
tions of the striations were fabricated, and the spin amount of
the ball upon hitting the ball was measured for all the goli club
heads. FIG. § 1s a table showing the specifications of the

striations, rule conformance, and test results (spin amount) of
golf club heads #1 to #4, #11 to #13, and #21 to #23.

All golf club heads are sand wedges with a loft angle of 56°.
The circular arc striations 30 shown in FIG. 1 are formed on
their faces. A cutting tool with a radius (1t in FIG. 3) o1 37.5
mm was used to form the striations 30 by milling using a
milling machine.

In FIG. 5, “set pitch” indicates a pitch in the arrangement
direction d0 of the striations 30, which was set 1n the milling
machine. “Set cutting depth™ indicates the cutting depth of the
cutting tool, which was set in the milling machine. The pitch
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4

P 1n the arrangement direction d0 of the striations 30 1s con-
sidered to be formed to the “set pitch”, and therefore was not
actually measured.

“Cutting edge radius™ indicates the radius of the cutting
edge of the cutting tool. “Ry” represents the actual measure-
ment value of the surface roughness (1in the maximum height
of the profile Ry) of the face with the striations 30, and “Ra”
represents the actual measurement value of the surface rough-
ness (1n the arithmetic mean deviation of the profile: Ra) of
the same. “Rule conformance’ indicates whether the surface
roughness of the face conforms to official competitions or not.
Golf club heads #3, #4, #13, and #23 do not conform 1n terms
of the arithmetic mean deviation of the profile: Ra.

The test was performed by hitting balls from rough to a
target 30 yards ahead by five testers using the golf clubs
mounted with the respective golf club heads. “Spin amount™
in FI1G. 5 indicates the average value of the spin amount on the
ball. The spin amount 1s calculated by marking the ball prior
to the shot, and using a video camera to track the change 1n the
location of the mark at time of 1impact.

FIG. 6A 1s a graph showing the “spin amount”™—“Ra”
relationship of the testresults in FI1G. 5, and FIG. 6B 1s a graph
showing the “spin amount”™—*“Ry” relationship of the test
results in FIG. 5. These graphs show that the spin amount of
the ball increases almost proportionately with “Ra” and “Ry”.

Ra=4.57, which 1s represented by the broken line 1n FIG.
6 A, indicates the maximum value of the surface roughness of
the face of a golt club head for official competitions. When
conformance to official competitions 1s considered, Ra must
be 4.57 or less. The range of Ry falling between 15 and 18.7
(both inclusive), which 1s represented as the area between the
broken lines 1n FIG. 6B, indicates the range of Ry obtained by
the above-described equation (15 um=Ry=0.005xP+15.7
wm ) where the pitch P (set pitch) 1s 600 um. Within this range,
the spin amount of the ball of 6000 to 7000 rpm 1s obtained
and, that 1s, the relatively large spin amount is obtained.

FIG. 7A 1s a graph showing the relationships between “Ra”
and “Ry” shown 1n FIG. 5 for the pitch P (set pitch) of 400 um
and that of 600 um. When “Ra” serves as a y-coordinate, “Ry”
serves as an x-coordinate, and the relationships between “Ra”
and “Ry”” for the pitch P (set pitch) of 400 um and that of 600
um are approximated by linear equations, respectively, the
relationship for the pitch P of 400 um 1s expressed by
y=0.22220x+0.63803, and that for the pitch P of 600 um 1s
expressed by y=0.24262x+0.040350. The slopes of the two
lines are almost the same. That 1s, “Ra” and “Ry” are 1n a
linear relationship, and “Ra” and the pitch P are also 1n a

linear relationship.

Referring to the graph of FIG. 7A, when the pitch P
remains unchanged, the surface roughness of the face
increases as the cutting depth (“set cutting depth™) of the
striation 30 increases. Likewise, when “Ry” remains
unchanged, “Ra” increases (the surface roughness of the face
increases) as the pitch P decreases. In addition, when “Ra”
remains unchanged, “Ry” can be increased (the cutting depth
can be increased) as the pitch P increases.

As shown 1n FIG. 6B, the spin amount of the ball 1s almost
proportional to “Ry”. This means that when the depth of the
striations 30 is large, more spin can be imparted to the ball.
Referring to the test results shown 1n FIG. 6B, the “Ry” value
1s preferably 15 um or more so that the spin amount of about
6000 rpm or more can be obtained.

When the upper limit value of “Ry” 1s determined based on
“Ra”=4.57 um as the maximum value of the surface rough-
ness of the face of a golf club head for official competitions,
the golf club head 1s suitable for official competitions and
capable of obtaining the larger spin amount of the ball. Note
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that since “Ra” 1s also associated with the pitch P of the
striations 30, the upper limit value of “Ry” 1s determined as
follows.

In FIG. 7A, pomts P1 and P2 at which y=4.57 (.e.,
Ra=4.57 um) respectively intersects the approximate line
(y=0.22220x+0.63803) for the pitch P of 400 um and that
(y=0.24262x+0.04050) for the pitch P of 600 um are deter-
mined. The line which passes through these points 1s calcu-
lated based on the relationship between “Ry” and the pitch P.
FIG. 7B 1s a graph showing the line (y=0.0049x+15.749)
which passes through points P1 and P2 1n an x-y coordinate
system wherein “Ry” serves as an x-coordinate and the pitch
P serves as a y-coordinate.

The line (y=0.0049x+15.749) represents the upper limit
values of “Ry” to satisty “Ra”=4.57 um in the relationship
with the pitch P of the striations 30. Accordingly, the range of
“Ry” 1s preferably set to satisty 15 um=Ry=0.005xP+15.7
L.
As for the range of the pitch P of the striations 30, 1f the
pitch P 1s too small, clogging occurs because dust such as
grass easily clogs the striations 30, and therefore the spin
performance cannot be ensured for a long time. If the pitch P
1s too large, improvement of the spin performance 1s small.
Accordingly, the range of the pitch P in the arrangement
direction of the striations 30 preferably satisfies 300
um=P=600 um, and more preferably 400 ym=P=500 um.

While the present invention has been described with refer-
ence to exemplary embodiments, it 1s to be understood that
the invention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
such modifications and equivalent structures and functions.
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This application claims the benefit of Japanese Patent
Application No. 2006-324552, filed Nov. 30, 2006, which 1s

hereby incorporated by reference herein in 1ts entirety.
What 1s claimed 1s:
1. A golf club head including;:

a face;
a plurality of score line grooves formed on the face; and

a plurality of striations formed on said face by milling,
wherein a pitch P 1n an arrangement direction of said plu-
rality of striations satisfies

300 pm=P=600 pum,

a surface roughness of a region in said face with said
striations satisfies 1n a maximum height of profile Ry,
where

15 um=Ry=0.005xP+15.7 um,

said striations do not intersect with each other on said face,
and
cach score line groove intersects with a plurality of said
striations.
2. The golf club head according to claim 1, wherein the
pitch P satisfies

400 ym=P=500 pm.

3. The golf club head according to claim 1, wherein each
striation forms a circular arc, and said arrangement direction
1s a direction that intersects the center of the circular arc of
cach striation.

4. The golf club head according to claim 3, wherein a radius
of each circular arc is the same.
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